A comparative study of 60 strains of nutritionally variant streptococci (NVS) with 34 strains of Streptococcus mitis and 37 strains of Streptococcus sanguis Il showed the presence of a red chromophore which was absent in the other streptococcal species. By using the conventional microbiological tests, only small differences were found between the NVS and the two other related species. In contrast a clear-cut delineation was found by the API 20 Strep system of identification. Ali NVS contained pyrrolidonylarylamidase, an enzyme which was absent in S. mitis and S. sanguis Il strains, and lacked the alkaline phosphatase enzyme which was present in 56% of S. mitis strains and 62% of S. sanguis II strains. According to the additional enzymatic and biochemical tests of the API 20 Strep system, there were three biotypes among NVS. The major biotype included 33 of 60 strains which were characterized by the presence of both alpha-and beta-galactosidases and the capacity to hydrolyze trehalose. This biotype also showed a specific pattern of penicillin-binding proteins. These results show that NVS are recognized as a separate variety distinct from S. mitis and S. sanguis II species, despite some common biochemical properties. Moreover, the delineation of 33 strains with a specific biotype and a specific penicillin-binding protein pattern strongly suggests that a large part of NVS strains belong to an individual species.
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Nutritionally variant streptococci (NVS) are associated with various pathological situations including septicemia and endocarditis (2, 4, 5, 11, 12, 14, 19, 20, 25) . Since their first description as ungroupable viridans streptococci that grow as satellite colonies around colonies of other bacteria and that require sulfhydryl compounds for normal growth (11), they have been called either pyridoxal-dependent streptococci or NVS (4, 8, 14) . Recently, we described a semisynthetic medium for the growth of NVS that gave higher growth yields and normal ultrastructure (3) when compared with growth in cysteine-or pyridoxal-supplemented complex media (1) .
The taxonomical position of NVS has not been clearly established, in spite of a number of studies attempting to classify these streptococci. By using physiological tests, Cooksey et al. (8) have divided 25 strains of NVS among at least five different species of viridans streptococci, whereas Roberts et al. (20) identified 12 strains of NVS as vitamin B6-dependent "Streptococcus mitior". Colman and Ball used the API 20 Strep system to study 18 NVS strains (6) and concluded that their strains formed a reasonably homogeneous collection. In previous studies we have demonstrated that all NVS and Streptococcus mitis strains produce a pH-dependent chromophore that is located in their cell wall, which was the first positive characteristic for identification of NVS and S. mitis (3, 23) . However, results of our preliminary studies, using the patterns of penicillin-binding proteins (PBP) of the bacteria as a taxonomic tool, show that NVS differs from S. mitis (15) .
In this investigation we studied a larger number of NVS strains for their physiological and biochemical characteristics determined by the conventional tests (9) and the API 20 Strep system (26) (3), and harvested by centrifugation at 3,000 x g for 15 min. The bacteria were suspended in a volume of 2 N HCI equal to the pellet and heated at 100°C. The appearance of a pink color within 5 min indicated the presence of the chromophore (3, 23) .
Conventional microbiological tests. A reduced number of tests required for viridans streptococcal species identification was performed by the method of Facklam (9) . They included tolerance to bile esculin and to 6.5% NaCl; hydrolysis of arginine, esculin, hippurate, and starch; and fermentation of mannitol, sorbitol, inulin, lactose, raffinose, trehalose, salicin, melibiose, and arabinose ( 4 ,000 x g for 10 min at 4°C and suspended in 50 ,ul of 50 mM phosphate buffer (pH 7.0) containing 0.6% Sarkosyl (wt/vol; CIBA-GEIGY Corp., Summit, N.J.) and 30 ,ug of mutanolysin (28) . Incubation at 37°C for 15 min resulted in complete lysis of the bacteria. The lysates were prepared for sodium dodecyl sulfatepolyacrylamide slab gel electrophoresis as described previously (16) and run on a 6.5% acrylamide gel prepared by the method of Laemmli (18) . Electrophoresis was carried out at 60 V for 90 min and then at 120 V for 3 h. Fluorography was performed as described previously (16) . Fluorograms were exposed to the dried gel for 8 days at -80°C. Molecular weights of the PBPs were estimated by comparison with those of a Streptococcus faecium reference strain (27) . (Table 3 ). The best delineation was found for enzymatic activities: pyrrolidonylarylamidase was produced by all the NVS strains and was absent in all S. mitis and S. sanguis II strains; alkaline phosphatase was absent in all NVS strains and was produced by 56% of S. mitis and 62% of S. sanguis II strains. Acetoin was produced from glucose by 72% of NVS strains and by none of the S. mitis or the S. sanguis Il strains.
In addition, among the NVS, 57 of 60 strains could be separated into three biotypes (Table 4) , and three strains with disparate biotypes remained unclassified. The most common pattern shown by 33 strains of biotype 1 was the production of alpha-and beta-galactosidases, the fermentation of trehalose, the absence of beta-glucuronidase, and the lack of fermentation of inulin. Biotype 2 included 12 strains that produced beta-glucuronidase, did not produce alphaand beta-galactosidases, did not ferment trehalose, and sometimes fermented inulin. Biotype 3 included 12 strains that did not produce either alpha-and beta-galactosidases or beta-glucuronidase, did not ferment trehalose, and sometimes fermented inulin. None of these NVS corresponded to a previously named viridans streptococcal species. PBPs. Different electrophoretic patterns of PBPs were found in NVS, S. mitis, and S. sanguis Il strains. Among the NVS, 55 of 60 strains were separated into group I and group II (Fig. 1) . Group I included 33 strains with identical PBPs: each strain had five major bands with molecular sizes of 188, 96, 88, 77, and 62 kilodaltons. This group was very homogeneous (Fig. 1) . Group II included 22 strains with four major bands with molecular sizes of 85, 83, 72 to 75, and 68 to 70 kilodaltons (Fig. 1) and a minor band with a low molecular mass. Noticeable variations were observed in the position of the third and fourth bands. The five remaining NVS strains had PBP electrophoretic patterns variable from one strain to another and different from those of group I and group II (Fig. 2) . PBPs of the NVS strains differed from those of S. mitis and S. sanguis Il. Although the PBP patterns of these species were not homogeneous (data not shown), they had three to five major bands with molecular sizes between-75 and 96 kilodaltons that differed from the 1 2 3 4 5 6 7 8 five major bands of NVS group I and the four major bands of NVS group II (Fig. 2) .
A good correlation was found between NVS biotypes and PBP analyses ( species. It is a good positive criterion for distinguishing these organisms from the other streptococci, which is in contrast with the conventional microbiological tests that mainly provide negative reactions (9) .
Among these chromophore-positive species, the conventional tests did not allow characterization of NVS from the other viridans streptococcal species. Most of NVS strains would have been identified as S. mitis or S. sanguis Il ( Table  2 ). The same conclusion arose from the results of the study of Roberts et al. (20) , who identified 12 strains of NVS as vitamin B6-dependent "S. mitior," according to the classification of Colman and Williams (7) .
In contrast to this, the API 20 Strep system provided a clear-cut delineation among NVS and the other possibly related streptococcal species (Tables 3 and 4 ). All NVS strains produced pyrrolidonylarylamidase, an enzyme that is not produced by any of the S. mitis and S. sanguis II strains. None of the NVS strains produced alkaline phosphatase, which was produced by 56% of the S. mitis and 62% of the S. sanguis Il strains. With this identification system we were able to divide the 60 NVS strains into three biotypes, of which biotype 1 included the majority of the strains and was the best characterized. We defined biotype 1 by the production of both alpha-and beta-galactosidases, together with the capacity for trehalose fermentation and the absence of beta-glucuronidase production and inulin fermentation. Of the 60 NVS strains studied, 33 belonged to biotype 1, which seems to correspond to the API profile of 6 of 18 NVS strains studied by Colman and Ball (6). We defined biotype 2, shown by 12 of our NVS strains, by the production of betaglucuronidase, the absence of production of alpha-and beta-galactosidases, the absence of trehalose fermentation, and the inconstant ability to ferment inulin. The five strains studied by Colman and Ball which produced betaglucuronidase could belong to this biotype. We defined biotype 3 by the absence of production of alpha-and beta-galactosidases and beta-glucuronidase, the inability to ferment trehalose, and an inconstant ability to ferment inulin. Twelve of our strains exhibited these characteristics.
The analysis of the PBP pattern of NVS and the two other related viridans streptococci confirmed our previous results obtained with 10 NVS strains (15) . These proteins which specifically bind beta-lactam antibiotics have been shown to have an electrophoretic pattern that varies from one bacterial species to another (13) and have been proposed as a reliable genetic marker in bacterial taxonomy (13, 22) . In the present study a good correlation was found between PBP patterns and our biotype classification ( 
